ABSTRACT Introduction: Deforestation, uncontrolled forest, human population migration from endemic areas, and the large number of reservoirs and wild vectors naturally infected by Trypanosoma cruzi promote the endemicity of Chagas disease in the Amazon region. Methods: We conducted an initial serological survey (ELISA) in a sample of 1,263 persons; 1,095 (86.7%) were natives of the State of Amazonas, 666 (52.7%) were male, and 948 (75.1%) were over 20 years old. Serum samples that were found to be reactive, indeterminate, or inconclusive by indirect immunofluorescence (IFI) or positive with low titer by IFA were tested by Western blot (WB). Serologically confirmed patients (WB) were evaluated in terms of epidemiological, clinical, ECG, and echocardiography characteristics. Results: Fifteen patients had serologically confirmed T. cruzi infection, and 12 of them were autochthonous to the state of Amazonas, for an overall seroprevalence of 1.2% and 0.9% for the state of Amazonas. Five of the 15 cases were males, and the average age was 47 years old; most were farmers with low education. One patient who was not autochthonous, having originated from Alagoas, showed right bundle branch block, bundle branch block, and anterosuperior left ventricular systolic dysfunction with an ejection fraction of 54%. Conclusions: The results of this study ratify the importance of monitoring CD cases in Amazonia, particularly in the state of Amazonas. Keywords: Chagas Disease. Serological Survey. Brazilian Amazon.
INTRODUCTION

Article/Artigo
The Brazilian Amazon is no longer considered free from human Chagas disease (CD) due to the occurrence of acute autochthonous cases [1] [2] [3] [4] [5] [6] , initially reported in Belém do Pará 1 , followed by acute and chronic cases in humans in other areas [1] [2] [3] [4] [5] [6] . Among the contributing factors that helped its spread as a human endemic disease [7] [8] [9] [10] were the human population migrations from endemic areas to the Amazon [10] [11] , the disordered deforestation of the Amazon rainforest, and the increasing proximity between people and the reservoir host and vectors naturally infected by Trypanosoma cruzi, turning the disease into an endemic 2-3,9-11 .
In the State of Amazonas, CD cases have been reported since 1977 12 , starting with the first autochthonous case described in São Paulo de Olivença in 1979 13 and vectors described since 1919 with Matta´s 14 description of the Rhodnius brethesi. In 1971, the occurrence of T. cruzi from naturally infected triatomines, which were implicated in the transmission of the disease, was reported in the City of Manaus 15 . Since then, there have been suspected or confirmed acute and chronic CD cases in this state, occasionally [5] [6] [16] [17] [18] .
The Serologic National Inquiry carried out from 1975 to 1980 indicated a prevalence of 1.9% in the State of Amazonas 19 . However, there were records of 6.8% and 4.6% prevalence in Barcelos and Novo Airão, respectively 6, 16 . Regardless of such numbers, the infection dynamics has not been well established yet, as there are no records of the domiciliation of vectors. Currently, the vast majority of cases in the area are related to oral route transmission and associated with the ingestion of palm tree fruit juice, besides the occurrence of an outbreak in the acute phase of the disease 4, 17, 20 . The detection of occasional clinical CD cases in this area provides data that allow the implementation of actions against its dissemination in the area [10] [11] . In this context, the purpose of this work was to estimate the infection rate of Chagas disease in its chronic form among inhabitants of rural areas in the Cities of Manaus, Coari, and Tefé, in the State of Amazonas.
METHODS
RESULTS
Magalhães BML et al -Serological survey for Chagas disease in the Brazilian Amazon
Location and characteristics of the area
The study was undertaken in rural areas in previously selected cities where acute autochthonous cases of CD have been registered. In Manaus, data collection was done in the Tarumã-Mirim settlement located on Highway BR 174, km 21 (2º 48' 18,41'' S, 60º 05' 04,56''O), which is accessed by land. In Coari (4º 04' 32,61''S, 63º 06' 37,80''), the study was carried out in the communities of Costa do Juçara, Mato Grosso, Itapéua, and Saubinha. In Tefé (3º 19' 47,61''S; 64º 43' 57,94''O), the study was conducted in the communities of Bacuri, Nova Jerusalém, Turé, São Benedito, Bom Jesus, Maranata, Agrovila, and São Francisco do Canindé. In Coari and Tefé, access is made exclusively by boat (Figure 1) .
Studied population and type of study This was a sectional and descriptive study of the local population in the selected communities, which willingly agreed to participate, allowing visits to their dwellings. All age groups were included, and visits were conducted (up to three attempts) at different times from September 2007 to November 2008.
A query about epidemiological, socioeconomic, and sanitary information, as well as other clinical data, was applied to gather epidemiological variables. Information about the surrounding area of the dwellings was also gathered, including population habits, which were used as variables to obtain more references in the discussion of the mechanisms of infection. During this query, triatomines from the medically relevant genuses, Triatoma, Panstrongylus, and Rhodnius, were presented to the inhabitants with the purpose of evaluating their capability to recognize them.
Laboratorial proceedings A 5ml blood sample was collected by venous puncture and centrifuged; its serum portion was separated. Afterwards, the blood sample was placed in Eppendorf tubes and frozen at -20ºC for serology at the Fundação de Medicina Tropical Dr. Heitor Vieira Dourado, Manaus, Amazonas, a tertiary national reference health unit designed to handle tropical and infectious disease cases.
All samples were submitted to immunoenzymatic assay (ELISA) for qualitative analysis of IgG anti-T. cruzi antibodies in human serum. The assay procedure was automated and performed using ETI-Max 3000® version 1.70.1. After this stage, the samples classified as reactive, as well as those that showed inconclusive or undetermined results, were submitted to indirect immunofluorescence antibody test (IFI) at 1:40 and 1:80 dilutions. The reactive and the low-titer samples on the IFI tests were analyzed by Western blot (WB), which is the confirmatory test for IgG anti-T. cruzi [21] [22] antibodies.
The antigens used in the serologic reactions by the ELISA and IFI techniques were obtained from the culture of the Y strain of T. cruzi in LIT medium. The human anti-IgG conjugates used in the ELISA technique were acquired from Ômega® (lot 7015731) and those in the IFI test from Wama® (lot 802004). The WB experiments were performed at the Universidade de São Paulo (USP) laboratory in accordance with the method standardized by Umezawa et al. 22 The ELISA reactions were measured by spectrophotometry (450nm) using the ETI-Max 3000® version 1.70.1, and the IFI reactions were analyzed using epifluorescence (320-340nm) microscopy (Laica®).
Individuals who presented serologic reactivity in the Western blot technique [22] [23] were considered as chagasic infection cases.
Clinical aspects
All the chagasic infection cases were evaluated by anamnesis and physical examination to gather all information about manifestations (signs and symptoms) related to the cardiovascular and digestive systems, in accordance with a standard questionnaire. Furthermore, other tests were conducted, such as an electrocardiogram (D1, D2, D3, aVR, aVL and aVF, V1 to V6) and echocardiogram (standard and conventional cut planes) [24] [25] .
Statistical methods
The tabulations and the statistical analysis were conducted using SPSS® version 16.0 for Windows®. The correlation between chagasic infection and sociodemographic and behavioral factors was tested by Chisquare test, with Yates' correction or Fisher´s exact test when applicable. The prevalence and the confidence interval at 95% were calculated by bivariate analysis to estimate the degree of correlation between 
Socio-epidemiological profile description
Of the 1,263 subjects interviewed, 545 (43.2%) were from Manaus rural areas, 399 (31.6%) from Coari, and 319 (25.2%) from Tefé. Moreover, 666 (52.7%) were male, 948 (75.1%) were over the age of 20 years, 662 (52.4%) were farmers, 1,097 (86.8%) were from the state of Amazonas, and 789 (62.4%) were illiterate. Regarding the social environmental aspect, 1,125 (89.0%) lived in wooden houses, of which 743 (58.8%) had an asbestos roof; 691 (54.7%) did not consume agriculturists, and all were literate. There was no family history of CD reported (Table 2) . Clinical evaluation All 15 seropositive patients were submitted to clinical examination, electrocardiogram, and echocardiogram. One seropositive patient (non-autochthonous) presented right bundle branch block, anterosuperior hemiblock, and mild left ventricular systolic dysfunction with an ejection fraction of 54%. All the other seropositive patients did not present any cardiologic alterations. No digestive system complaints were reported (Table 2) . 
DISCUSSION
The finding of 15 cases reactive for chagasic infection among Amazon rural area inhabitants confirms what the literature has been alerting us to [26] [27] [28] : the emerging Chagas disease outbreak in the area. However, the transmission dynamics of this disease is not known by the majority of the inhabitants of the area, mainly because triatomines (the vectors) are not domiciliated. The fact that these people are aware neither of the disease nor of its transmission forms while living in areas where the prevalent vegetation consists of palm trees (the preferred habitat of some triatomine species involved in the Trypanosoma cruzi sylvatic cycle of transmission in Amazonia [29] [30] ) indicates that they are subject to risks of exposure and coexistence with the determining factors for CD transmission 29, [31] [32] . For instance, 100% of the population has electricity in their homes, which are built in areas inside the forest (where the sylvatic cycle occurs). The benefits of electricity might be outweighed by a problem: Light eventually attracts the vectors into their household, causing accidental transmission by hematophagy, defecation, and food contamination 2, 7, 9 . Occasional incursions of adult triatomines into human dwellings, probably caused by their attraction to light, have been reported 8, 33 . In a study carried out in São Paulo de Olivença, state of Amazonas, where the first acute autochthonous CD case in this state was described, Rhodnius robustus, R. pictipes (adults and nymphs) were found inside and around dwellings 34 . The feces of triatomines can remain infective for a couple of hours in a highhumidity environment, and food can be accidentally contaminated by secondary carrier insects, such as flies and cockroaches 7 .
Most of the inhabitants reported the consumption of palm tree fruit juices (açai, bacaba, patauá, and buriti) as well as sylvatic animal meat (paca, agouti, and armadillo, among others). Such foods are considered to be a potential source of contamination by T. cruzi, caused by triatomines and their feces or urine infected by metacyclic trypomastigote forms 7, 33, 35 . It is noteworthy that these are cultural and subsistence habits of the native population of the Brazilian Amazon, where there have been reports of outbreaks of acute cases supposedly related to oral route transmission caused by the ingestion of açai, bacaba, or other juices 4, 9 . However, this form of transmission has not been entirely elucidated yet, and the generalized depreciation of these foods may result into severe economic damages as well as the loss of an important source of nutrition in the area. Thus, educational guidance on good hygiene practices in the handling and preparation of these foods before their consumption is critical.
Although the majority of the residents did not recognize the triatomine species that were presented during the visits, 70% of them reported the presence of the reservoir host, Didelphis marsupialis (opossum), near their dwellings. This situation may facilitate contact between people and the parasite, which may result in the contamination of the inhabitants 4, [8] [9] through contact with the anal gland secretions of those animals infected by the metacyclic parasite forms 35 . In the forest areas where this work was accomplished, the presence of the vectors Rhodnius robustus, R. pictipes, and their reservoir host Didelphis marsupialis (naturally infected by T. cruzi) near human dwellings was demonstrated 36 . Hence, there is a real possibility of exposure of these inhabitants to contact with the etiological agent and therefore to the infection, as well as the possibility of contamination by marsupials urine 35 , reaffirming the potential risk of an endemic disease in Amazonia [2] [3] 10, [26] [27] .
The estimated rate of chronic chagasic infection in the population of the studied area reinforces other studies carried out in Amazonia, where the prevalence of chagasic infection varies from 1.9% to 6.8% [5] [6] [16] [17] 19, 21 . Although we have registered more cases of CD in Manaus, the frequency of Chagas disease in Tefé was slightly higher; however, we could not make comparisons because of the difference in the time reference, and the population included in the study in Tefé was numerically smaller than that in Manaus. However, the reported 60% of patients with CD in the age group above 40 years may indicate old cases with the possibility of progression to symptomatic chronic forms, drawing attention to the importance of diagnosis through the conduct of serological surveys of cases. Such surveys demonstrate the circulation of the disease in municipalities, as has been observed in the municipality of Barcelos, where the disease has already been circulating for some time 17 . We can see that the anti-T. cruzi antibody reaction is cumulative with age, possibly due to longer exposure to the infective agent during the course of a lifetime. The major prevalence in this age range was observed in other studies [5] [6] 16 . The Serologic National Inquiry (1975 to 1980) indicated a prevalence of 1.88% in Amazonas 19 . This inquiry estimates a 4.2% prevalence in the Brazilian population, with higher prevalence rates in the states of Minas Gerais and Rio Grande do Sul (8.8%) 19 . In Barcelos (Rio Negro/AM), a prevalence of 2.8 to 5% [16] [17] 37 has been estimated. The main reasons for these numbers are the subsistence activities of most inhabitants, such as gathering piassava (Leopoldinia piassaba), a palm tree species with high occurrence of the Rhodnius brethesi, a triatomine T. cruzi vector in the area, also known as piassava lice. This disease may also qualify as an occupational disease, as the subjects of the present study reported the identification of and contact with the vectors during their occupational activities. The clinical and electrocardiographic studies carried out in the Amazon region on seropositive cases suggest that the morbidity of this disease in that area is low, possibly due to low parasitemia or to the characteristics of the circulating strains. Nevertheless, the active search for cases has shown the occurrence of hypertrophic cardiomyopathy as well as deaths caused by confirmed chagasic infection [38] [39] .
One of the 15 seropositive patients presented cardiologic alterations indicative of chronic chagasic infection, such as right bundle branch block, anterosuperior hemiblock, and mild left ventricular systolic dysfunction with an ejection fraction of 54%. These conditions may also be related to an arterial hypertension history as well as aging; in such cases, it is impossible to assure that these findings are related to CD. However, the systolic dysfunction (FE: 54%) detected by the echocardiogram and the right bundle branch block are conditions often observed in chronic chagasic cardiopathy patients [24] [25] [40] [41] . In the other 14 cases, despite the lack of cardiologic or digestive manifestations, the patients were advised about the necessity of an annual clinical checkup comprising specific tests and further evaluations.
Based on the present study, it is not clear by what means the transmission dynamics occurs in that area. It is also unknown how the patients were infected and if such infection was related to their work because, as they have attested, they perform gathering activities and/or stay in the forest areas for great periods of time and/or live in rural areas and/or consume palm tree fruit juice and sylvatic animal meat. All these habits introduce these people into the presumable cycle of transmission of chagasic infection in the Amazon region 2, 4, 8, [26] [27] [28] [31] [32] [33] . It is noteworthy that out of the 15 identified cases of chagasic infection, three originated from endemic areas (states of Minas Gerais, Ceará, and Alagoas). This fact reinforces the evidence of the risks of the movement of CD cases in the Brazilian Amazonia being caused by human migrations from endemic areas to Amazonia due to the increasing proximity between the vectors, the trypanosome reservoir hosts and people [10] [11] [26] [27] .
Chagas disease is an emerging public health problem and an evolving anthropozoonosis arising from T. cruzi infection of vectors and sylvatic animals 2, 4, 8, [26] [27] [28] 37 . The results of this study ratify the importance of monitoring CD cases in Amazonia, particularly in the state of Amazonas.
